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PIELZOELECTRIC SHOCK ABSORBER
VALVE

FIELD OF THE INVENTION

The present invention relates to shock absorbers for
vehicles, such as bicycles and motorcycles, and more
particularly, to a dampener valve for a shock absorber to
regulate the flow of damping fluid based on feedback
regarding velocity and displacement of the shock absorber
shaft relative to the shock absorber body.

BACKGROUND OF THE INVENTION

Front and rear suspensions have improved the perfor-
mance and comfort of mountain bicycles. Over rough terrain
the suspension system can improve traction and handling by
keeping the wheels on the ground. A rider can more easily
maintain control at higher speeds and with less effort when
the suspension absorbs some of the shock encountered when
riding. Ideally the suspension should react well to both (1)
low amplitude, high frequency bumps and (2) high
amplitude, low frequency bumps. However, these can be

competing requirements for the damping systems 1n con-
ventional shock absorbers.

Higher rebound damping 1s desirable for high amplitude,
low frequency bumps than for low amplitude, high fre-
quency bumps. With high frequency, low amplitude bumps,
such as may be encountered on a washboard gravel fireroad,
minimal damping may be preferable so the spring can
quickly recover from a minor impact before the next is
encountered. However, with a large bump (such as the size
of a curb) increased rebound damping aids the rider by
keeping the bike from forcefully springing back too quickly,
causing loss of traction and control on the rebound. Com-
pression damping will also stop the bike from bottoming out
with large bumps and make for a smoother absorption of the
bumps.

Some current shock absorbers that include springs and
dampeners allow the rider to adjust rebound and/or com-
pression damping before a ride. Other air shock absorbers
include an on/off switch to disable the shock absorber all
together. However, such preadjustment 1s at best a compro-
mise; the rider must select better damping in one scenario at
the expense of the other. A typical off-road mountain bike
ride will include small bumps, medium, and large bumps, as
well as possibly jumps, drop oifs, and tight descending to
ascending transitions. If the rider significantly reduces the
damping to ride smoothly over high frequency, low ampli-
tude bumps then the bike may lose traction and control when
a large bump 1s encountered or may “bottom out” the shock
absorber. If the rider increases the damping force of the
shock absorber, then the system will not recover fast enough
to quickly absorb high frequency bumps, the rider will be
rattled, and the bike will lose traction.

Another limitation of current shock absorbers 1s evi-
denced by rider-induced bobbing: suspension movement
caused by rider movement during pedaling. Related to this
1s pedal-induced suspension action: the cyclic forces on the
chain pulling the rear swingarm up or down relative to the
frame. If the damping 1n the shock absorber 1s greater, these
influences will not be felt as much by the rider. However, a
stiff suspension, especially at the beginning of the stroke of
the shock absorber, can decrease the ability of the suspen-
sion to absorb small bumps well.

Attempts to overcome the current limitations in suspen-
sion systems have focused on swingarm linkages and pivot
arrangements. At a significant cost, some amelioration of

10

15

20

25

30

35

40

45

50

55

60

65

2

rider- or pedal-induced suspension action has resulted, but
much less progress has been made on the dilemma of large
and small bump absorption.

SUMMARY OF THE INVENTION

The present invention addresses the suspension chal-
lenges of both high frequency/low amplitude and low
frequency/high amplitude shock absorption while also
reducing rider- and pedal-induced suspension action. The
present 1nvention can be applied to most suspension con-
figurations as 1t addresses these challenges with a unique,
active damping shock absorber. The shock absorber 1s soft
over small bumps and stiffens when encountering large
shocks after the shock travels to a certain extent. The shock
absorber stiffens further under extreme shock to avoid harsh
bottoming out. Rebound damping may also be tuned inde-
pendent of compression damping. The shock absorber
changes damping during compression and rebound accord-
ing to the speed and displacement of the shaft assembly
relative to the housing during the suspension action.

The present invention includes a shock absorber for a
vehicle. The shock absorber preferably includes a fluid-filled
reservolr with an elongate member having a first end extend-
ing partially into the reservoir. A piston 1s secured to the first
end of the elongate member and held within the reservorr.
The piston 1s forced through the fluid-filled reservoir to
dampen the shock absorber when shocks are encountered
forcing the elongate member further within the reservoir. At
least one fluid channel within the reservoir 1s provided
through which fluid 1s forced when the piston moves through
the reservoir. A bender valve at least partially blocking the
flow of fluid through the fluid channel 1s secured within the
reservolr. The bender valve has a response material embed-
ded within at least a portion thereof. A power supply and a
biasing means are attached thereto, the biasing means affect-
ing the response material for biasing the bender valve to
ciiect the flow through at least one fluid channel. Preferably,
the response material includes a piezoelectric material. The
biasing means includes the piezoelectric material having the
power supply attached there across for applying a voltage
thereto.

In one preferred embodiment of the invention, the fluid
channel 1s disposed through the piston. In this manner, fluid
flows through the piston when the piston 1s forced through
the reservoir. The bender valve 1s seated against the fluid
channel to regulate the flow therethrough. Preferably, the
bender valve 1s disk-shaped with the piezoelectric material
connected to the power supply across the thickness of the
piezoelectric material. Thus, when voltage 1s applied across
the piezoelectric material, the disk-shaped bender valve
bends or biases 1n one direction or the other depending on
the polarity of the applied voltage.

In an alternate embodiment of the invention, the piezo-
clectric material i1ncludes at least two arms within the
disk-shaped bender valve.

Also m the preferred embodiment of the invention, the
fluid channel 1ncludes a first end and a second end. Fluid
enters the first end and exits through the second end as the
piston 1s forced into the fluid reservoir. In the preferred
embodiment, the bender valve 1s disposed adjacent the
second end.

Another aspect of the preferred embodiment of the inven-
tion includes a sensor to detect shock absorber compression
conditions. The sensor includes a logic circuit for changing
the biasing force of the bender valve against the second end
of the fluid channel when the sensor signals predetermined



3,996,745

3

conditions of the piston relative to the fluid reservorr.
Preferably, the sensor signals the bender valve to at least two
discreet biasing forces. A first of the discreet biasing forces
1s obtained by applying a voltage across the piezoelectric
material 1n one direction or one polarity. A second of the
biasing forces 1s obtained by applying a voltage across the
piezoelectric material with reverse polarity to the first. A
third biasing force 1s obtained by applying no voltage across
the piezoelectric material. Thus, the natural bending prop-
erties of the disk are employed without additional biasing
forces due to the piezoelectric material.

In the preferred embodiment of the invention, the sensor
detects piston displacement within the reservoir. The sensor
connects to a logic circuit that sends a signal for changing
the biasing force of the bender valve against the second end
of the fluid channel when the sensor detects predetermined
displacement of the piston. The sensor also detects velocity
of the piston relative to the reservoir. The sensor includes a
logic circuit for changing the biasing force of the bender
valve against the fluid channel when the sensor detects
predetermined velocity conditions. The sensor may also
increase the biasing force of the bender valve against the
fluid channel based on both predetermined displacement and
velocity conditions of the piston relative to the reservorr.

In the preferred embodiment of the mnvention, the shock
absorber 1s used with a bicycle. In this embodiment, the
sensor 1ncreases the biasing force of the bender valve against
the fluid channel 1n the region of piston displacement due to
the set ride height. Thus, rnider- or suspension-induced bob-
bing of the suspension reduces. However, once other exter-
nal shock forces are applied, the damping proceeds to a
lower level by reduction of biasing force against the fluid
channel. Thus, the sensor decreases the biasing force of the
bender valve against the fluid channel once the piston 1s past
the region of displacement due to suspension compression
from the rider’s weight load resulting in the ride height.

A further aspect of the preferred embodiment includes
piezoelectric material disposed 1n a first layer within the
bender valve. A second layer of piezoelectric material 1s
disposed within the bender valve also having a bottom face
and a top face opposite the bottom face of the first layer and
insulated therefrom. The second layer includes a conductive
material on the top and bottom face thereof, with the
conductive material being connected to the power supply for
applying a voltage across the second layer. Voltage 1s
selectively applied across the second layer in the same
direction as that applied across the first layer.

The present invention may also be defined as a shock
absorber for a vehicle with a fluid-filled cylinder, a shaft, a
valve, and a power supply. The fluid-filled cylinder prefer-
ably has a closed end. The shaft has a first end extending
partially mto the cylinder. The valve 1s attached to the first
end of the shaft. The valve includes a piston with at least one
orifice extending therethrough and a bender seated adjacent
the orifice 1n the piston. The bender has piezoelectric mate-
rial embedded theremn. The piezoelectric material includes
sides with conductive material disposed thereon. The power
supply 1s attached to the conductive material across piezo-
clectric material 1n said bender. In this way, the power
supply may apply a voltage across the piezoelectric material
to change the stifiness of the bender.

The present invention may also be described as a shock
bsorber system for controlling damping forces of shock
bsorbers. The shock absorber system includes at least one
hock absorber, a fluid reservoir disposed i1n the shock
bsorber and a piston within the fluid reservoir. The piston
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1s forced through the fluid reservoir when the shock absorber
encounters shock. The fluid channel for moving fluid from
one side of the piston to the other 1s also within the fluid
reservoir. A piezoelectric bender valve with a portion posi-
tioned within the path of the flow of the fluid 1s provided to
reculate the damping. The piezoelectric bending valve
includes at least one layer of piezoelectric material with a
conductive material on both 1ts sides. A drive mechanism for
operating the piezoelectric bending valve 1s also included.
The drive mechanism includes a voltage amplifier for gen-
erating high voltage and selectively applying the voltage to
the conductive material across the piezoelectric material. A
first polarity application of the voltage causes the bender
valve to be biased toward the flow fluid through the channel.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many attendant advantages of
this invention will become more readily appreciated as the
same becomes better understood by reference to the follow-
ing detailed description, when taken in conjunction with the
accompanying drawings, wherein:

FIG. 1 1s a side elevational view of the shock absorber of
the present mvention secured in the rear suspension of a
bicycle;

FIG. 2A 15 a cross sectional view of the shock absorber
llustrated 1n FIG. 1;

FIG. 2B 1s a partial cross sectional view of the shock
absorber 1llustrated 1n FIG. 2A during a compression stroke;

FIG. 2C 1s a partial cross sectional view of the shock
absorber during a rebound stroke;

FIG. 3A 15 an exploded view of the dampener valve
assembly;

FIG. 3B 1s an 1sometric view of the piston body;

FIG. 4 1s a plan view of the piezoelectric disk that 1s
scated against the valve bodys;

FIG. § 1s a partial, cross-sectional view of the valve disk
illustrated 1n FIG. 4;

FIG. 6 1s a schematic diagram of the logic circuit used to
control the piezoelectric disk illustrated 1n FIG. 4; and

FIG. 7A graphically illustrates damping force versus shaft
velocity for three levels of damping;

FIG. 7B graphically illustrates damping force during
damping piston travel within the shock absorber of the
present 1nvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The shock absorber damping system of the present inven-
tion may be employed 1n a multitude of different applica-
tions. However, the system disclosed and described herein 1s
particularly well suited to vehicles, especially bicycles of the
mountain bike variety. The system 1s also well suited to
motorcycle suspension systems, especially off-road motor-
cycles. Mountain bicycles will be referred to throughout this
detailed description. However, it should be understood that
mountain bikes are simply the preferred application and the
same concepts and basic constructions can be used 1n other
shock absorber applications.

The damping system of the present shock absorber is
particularly advantageous with mountain bikes since large,
medium, and small bumps, drops, and shock-producing
surfaces are encountered during mountain bike riding.
Typically, low amplitude bumps occur at a high frequency.
For example, a washboard gravel road may have numerous,



3,996,745

S

close together small bumps that create high frequency, low
amplitude shocks at the wheels of the bicycle. Conversely,
higch amplitude bumps have a relatively lower frequency,
since the size of the bump itself dictates that the bumps be
somewhat spaced apart. A street curb 1s an example of a high
amplitude, low frequency bump. Numerous rocks, bumps,
roots, and other obstacles are encountered when mountain
biking off-road. The shock absorber of the present invention
1s designed to handle all these bumps. Further, the shock
absorber may also be programmed to reduce other undesir-
able cycling effects such as pogo action or bobbing, as well
as chain-induced suspension action.

FIG. 1 illustrates a mountain bike with the shock absorber
of the present invention. Bicycle 10 includes a frame 12,
wheels 14, a front suspension 16, and a rear suspension 18.

Front suspension 16 1s attached to the head tube portion
of frame 12 and includes forks 20 that extend downwardly
from linkages 22 connecting forks 20 to the frame head tube.
A front shock absorber 24 1s disposed between linkages 22
to provide front suspension action. Both shock absorption
and damping are provided by front shock absorber 24, as 1s
described 1n detail below. Front suspension 16 may have
many alternative configurations, such as telescoping forks,
other linkage mechanisms, or shock absorbing stems. The
same damping concepts discussed herein can be applied to
these other arrangements.

Rear suspension 18 includes a rear swing arm 26 pivotally
attached to frame 12 about a pivot 28. A rear shock absorber
30 1s also attached at one end to frame 12. Shock stays 32
extend upwardly from the rearward end of swing arm 26 to
the lower end of rear shock absorber 30. Thus, when swing
arm 26 pivots upwardly about pivot 28, shock absorber 30
1s compressed such that the rear wheel 14 1s allowed to move
relative to frame 12 to absorb and dampen shock. Again,
alternative rear suspension systems can be employed with
rear shock absorber 30. Other systems may include unified
rear triangles, unified swing arm and chain stay
arrangements, and other linkage assemblies. Leverage ratios
on the shock absorber may change, for example, while still
using the same core damping technology. The concepts
herein can also be applied to pull shock absorbers. In all of
these systems, damping of the suspension action 1s advan-
tageous.

Bicycle 10 also includes a drive system 34. Drive system
34 1s preferably constructed as 1s known 1n the art. Drive
system 34 includes a chain 36 that extends around chain
rings 38 that are attached to frame 12 via the bottom bracket.
Cranks 40 are also secured to chain rings 38 with pedals 42
at the outer ends. Rear sprockets 44 are secured to the rear
wheel 14 with a rear derailleur 46 for shifting the chain from
one sprocket to another. Drive system 34 1s relevant to shock
absorption, particularly in the arrangement illustrated in
FIG. 1, since the upper drive line of chain 36 extends
beneath pivot 28 such that as force 1s applied to pedals 42,
chain 36 slightly pulls suspension 18 downwardly. This can
be advantageous as 1t helps to increase traction of rear wheel
14 on the riding surface. However, if the rider does not have
smooth pedaling action, then cyclic forces on chain 36 may
cause cyclic bobbing of rear suspension 18 as the bicycle 1s
ridden. As will be explained 1n more detail below, the
damping system of rear shock absorber 30 can help elimi-
nate such chain-induced suspension action.

Referring now to FIGS. 2A-C, the details of the inner
construction of shock absorber 30 will now be discussed.
Note that while shock absorber 30 refers to the shock
absorber used with the rear suspension of the bicycle 1llus-
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trated 1n FIG. 1, the same or similar shock absorber can be
employed on the front suspension. Externally, shock
absorber 30 appears much like standard shock absorbers
currently on the market. Many details of the shock absorber
arc much like those manufactured by Noleen Racing of
Adelanto, Calif. Shock absorber 30 includes a shaft 48
extending 1nto a reservoir housing 50. A spring 52 extends
along shaft 48 and over a portion of reservoir housing 50.
Spring 52 absorbs shock and provides rebound while shaft
48, extending into reservoir housing 50, provides damping
as explained below.

Reservoir housing 50 encloses hydraulic reservoir 54 and
ogas chamber 56. Hydraulic reservoir 54 1s separated from
cgas chamber 56 by a chamber seal 58. In the referred
embodiment of the invention, both gas chamber 56 and
hydraulic reservoir 54 are contained within the same cylin-
drical reservolir housing 50. Chamber seal 58 includes an
O-ring to separate gas chamber 56 from hydraulic reservoir
54 and to allow chamber seal 58 to move within reservoir
housing 50 as needed. Gas chamber 56 preferably holds
nitrogen gas such that additional damping 1s provided when
the gas 1s compressed due to a large shock. Alternatively, a
ogas chamber may be mounted outside reservoir housing 50
in 1ts own chamber with an interconnecting channel as is
well known 1n the art.

The outer end of reservoir housing 50 opposite shaft 48
includes a housing end mount 60 for mounting the end of
rear shock absorber 30 either to a bicycle frame or to other
suspension components. A shaft end mount 62 1s provided
on the opposite side of shock absorber 30 at the end of shaft
48. Note 1n FIG. 1 that shaft end mount 62 1s mounted to
frame 12 while housing end mount 60 1s secured to shock
stays 32.

Spring 52 1s held on shaft 48 and reservoir housing 50
with spring stop 64 secured to shaft 48 at the end of shaft end
mount 62 and preload wheel 66 at the opposite end of spring
52. Preload wheel 66 1s threadably engaged on reservoir
housing 50. Thus, by turning preload wheel 66, the preload
in spring 52 can be adjusted.

An electronics housing 68 1s also provided on shock
absorber 30. Housing 68 holds the power supply and
circuitry, as well as the sensor necessary to control the
damping action of shock absorber 30. Housing 68 is secured
to reservoir housing 50 with housing clamp 70 extending
around the outside thereof between preload wheel 66 and
housing end mount 60.

Hydraulic reservoir 54, when manufactured, includes an
opening at only one end through which shaft 48 is inserted.
Areservoir seal 72 (including the seal head, the scraper seal,
and the O-ring) extends around shaft 48 and is held tightly
within the open end of reservoir housing 50 1n order to create
an enclosed reservoir 54. A reservoir cap 74 1s also included
on the outside of reservoir seal 72. Reservoir cap 74 and
reservolr seal 72 ensure that no hydraulic fluid escapes from
hydraulic reservoir 54. O-rings are employed at critical
locations to ensure the adequate sealing. Should shaft 48
extend all the way 1n to reservoir 54, reservoir cap 74 will
abut a bottom out bumper 76 held on shaft 48 adjacent
spring stop 64.

As with standard Noleen Racing shock absorbers, an
adjustment needle 78 1s housed within shaft 48, shaft 48
being hollow. Adjustment needle 78 regulates the bypass
flow of hydraulic fluid within hydraulic reservoir past the
piston 86. An adjustment wheel 80 1s provided to move
adjustment needle 78 longitudinally within shaft 48 in a
conventional manner. An element not included in conven-
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tional shock absorbers, wire 82, extends from housing 68
through a wire seal 84 1n shaft end mount 62. Wire 82 then
extends through a hollowed central core of adjustment
needle 78 to near the tip thereof. This wire electrically links
the electronics within housing 68 to the dampener valve for
control thereof. Since wire 82 extends out the side of
adjustment needle 78, rotation of adjustment needle 78 must
be kept 1n check. Therefore, pin 96 extends through the side
of shaft 48 1nto a recess 1n the side of adjustment needle 78
such that wire 82 may be properly channeled to the side of
bender 94. As will be explained below, wire 82 actually

includes multiple wires within a tough, flexible housing.

The piston assembly of shock absorber 30 1s seen 1n its
assembled configuration 1n FIGS. 2A—C and in an exploded
view 1n FIG. 3A. FIG. 3B illustrates an enlarged view of a
piston 86. As seen 1n FIGS. 2A—C and FIG. 3A, a band 88
constructed of a Teflon material 1s secured around piston 86.
In the preferred embodiment of the 1nvention, shim washers
90 are stacked against the innermost end of piston 86 (shim
washers 90 are shown all together 1n FIGS. 2A—C such that
they appear to be a single truncated cone). Shim washers 90
function 1n a conventional manner to regulate the flow of
fluid through piston 86, especially during rebound as shaft
48 moves away from reservoir housing 50. A nut 92 is
threadably engaged on the mmnermost end of shaft 48 to hold
shim washers 90 securely against piston 86. Nut 92 thus
holds the entire piston assembly on the end of shait 48.

A bender 94 1s secured on the opposite side of piston 86
from shim washers 90. Bender 94 will be discussed 1n more
detail below 1n connection with FIG. 4. Bender 94 includes
piezoelectric material that 1s connected to wire 82 1n order
to apply a voltage across bender 94. Bender 94 1s preferably
arranged on the shaft side of piston 86 1n order to control the
compression damping of the piston assembly when it travels
through reservoir 54.

As seen 1n FIGS. 2A-C and 3A, Bleed spacer 98 1s held
on the shaft side of bender 94 and 1s seated on the shoulder
of shaft 48 to hold the piston assembly between the shoulder
of shaft 48 and nut 92. Bleed spacer 98 allows the bypass of
fluid flow past adjustment needle 78, allows a conduit
through which wire 82 extends to the side of bender 94, and
rests on the shoulder of shaft 48 for holding the piston
assembly 1n place. A flexible top out bumper 100 1s force-fit
onto shaft 48 below Bleed spacer 98. Top out bumper 100 1s
usciul when shaft 48 1s pushed all the way out to the end of
its stroke by spring 52 such that bumper 100 contacts
reservolr seal 72.

In the preferred embodiment of the invention, a sensor
assembly 1s provided to detect both the displacement of shaft
48 and the piston assembly relative to the reservoir housing
50 as well as the velocity of shait 48 and the piston
assembly. In the preferred embodiment of the invention a
giant magneto restrictive sensor (GMR) is employed. Other
sensors may alternatively be used to detect either the dis-
placement or velocity of shaft 48 relative to housing 50. For
example, proximity sensors, variable reluctance sensors, or
other magnetic or mechanical sensors may be used. GMR
sensors are also referred to as magnetoresistive sensors.
(Description of such sensors can be found in prior art, such
as in U.S. Pat. No. 5,450,009 to Murakami, and 1n multiple
journal articles. Examples of articles discussing such sensors
include “Magnetic Field of Dreams,” by John Carey, Busi-
ness Week, Apr. 18, 1994; “The Attractions of Giant Mag-
netoresistance Sensors” by Ted Tingey, Electrotechnology,
Vol. 7, part 5, pgs. 33-35, October—November 1996; and 1n
“High Sensitivity Magnetic Field Sensor Using GMR Mate-
rials With Integrated Electronics,” by Jay L. Brown, Proc.
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[EEF International Symposium on Circuits and Systems Vol.
3, pes. 1864-1867, 1995.) The sensor and control arrange-
ment preferably employed 1n the present invention includes
a magnet 102 secured about nut 92 on the end of the piston
assembly. A sensor 104 1s secured within housing 68 adja-
cent reservoir housing 50 near the closed end thereof. Sensor
104 can alternatively be mounted at the end of housing 50.
Sensor 104 1s connected to circuit board 106. Circuit board
106 (or alternatively be a microprocessor chip that includes
the microprocessor logic to control bender 94 based on the
detection signal from sensor 104. Circuit board 106 1s then
in turn connected to wire 82 for connection to bender 94.
The operation of circuit board 106 will be explained 1n more
detail 1n connection with FIG. 6. A battery 108 1s also held
within electronics housing 68 1n order to provide power to
sensor 104 and to bender 94. Preferably, a conventional
9-volt battery 1s used within electronics housing 68 to
provide the power required for the bender and the sensor.

Referring now to FIG. 3B further details of the function-
ing of the piston and valve assembly will be described.

Piston 86 1s the type sometimes used with shim washers 90.
Piston 86 includes a shaft bore 110 that slides over the end
of shaft 48 to be held thereon. Shaft bore 110 1s disposed in
the center thereof and 1s circular 1 cross-section. A circum-
ferential recess surrounds the outer curved side of piston 86.
Circumierential recess 112 1s sized to secure Tetlon band 88
therein. The face of piston 86 that i1s turned toward shaft 48
1s 1llustrated 1n FIG. 3B. The large openings 1n piston 86 are
the compression tlow channels 114. These channels extend
entirely through piston 86 and actually begin within recesses
on the opposite side of piston 86 from that shown 1n FIG. 3B.
Thus, during compression (when shaft 48 is being pressed
into reservoir 54, sce FIG. 2B) fluid easily enters channels
114 since the recesses allow the tlow to go beneath shim
washers 90 into channels 114. However, bender 94 1s
secured adjacent the shaft side of piston 86 so as to obstruct
the flow of fluid through channels 114 at their exit ends.

By controlling the stifiness or bias of bender 94, the flow
through compression flow channels 114 (see FIG. 2B) can be
clfectively controlled to mcrease or decrease the damping.

Rebound flow channels 116 also extend through piston
86. Note that these channels are held within rebound flow
recess 118 so that bender 94 does not significantly obstruct
the flow of fluid back through rebound flow channels 116
(see FIG. 2C). However, note that the size of these channels
1s somewhat smaller than that of compression tlow channels
114 such that rebound damping 1s generally greater than
compression damping. The flow through rebound flow chan-
nels 116 extend from the face shown in FIG. 3B to the
opposite face as the piston assembly moves in the direction
of shaft 48. Flow 1n this direction i1s obstructed by shim
washers 90 which are detlected by the flow through rebound
flow channels 116 and by some flow through compression
flow channels 114. Rebound flow recess 118 not only
extends around the entrance of rebound flow channels 116,
but includes arms that extend between compression flow
channels 114 such that flow may move around bender 94 for
rebound action.

In an alternate embodiment of the invention, shim wash-
ers 90 may also be replaced by a bender such as bender 94
to more completely control rebound damping, as well as
compression damping with the piston assembly.

In another alternate embodiment of the present invention,
the flow channel or channels are disposed 1n the side of a
modified reservoir housing. In this embodiment, the bender
1s positioned to regulate the flow of fluid from one side of the
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piston to the other through the channel in the housing as the
piston 1s forced through a the reservoir. Control of the
bender then affects the level of damping.

Referring now to FIGS. 4 and §, the construction of
bender 94 will be described. Bender 94 includes a disk 120
preferably constructed of a polyimide material. A Polyimide

polymer 1s preferably used due to its toughness and electric
insulating characteristics. Disk 120 includes a center aper-
ture 122 which slides over the end of shaft 48 between piston
86 and Bleed spacer 98. Note that the top of Bleed spacer 98
includes a small cylindrical projection to space the outer
portion of disk 120 from the remainder of Bleed spacer 98
to allow bender 94 to flex downwardly toward Bleed spacer
8.

Within disk 120 a piezoelectric top layer 124 and piezo-
clectric bottom layer 126 are held. Top layer 124 and bottom
layer 126 are spaced from one another. Alternative embodi-
ments of the invention include only a single piezoelectric
layer or more than two piezoelectric layers. Piezoelectric
layers 124 and 126 are also diskshaped 1n parallel planes to
one another and parallel to the plane of disk 120. First and
second electrodes 128 and 130 contact the upper and lower
faces of top layer 124. Electrodes 128 and 130 are con-
nected to circuit board 106 such that a voltage can be applied
across piezoelectric top layer 124. As secen 1n FIG. 4, first
and second connectors 136 and 138 are provided for con-
nection to wires held within wire 82. Third and fourth
clectrodes 132 and 134 are likewise secured above and
below piezoelectric bottom layer 126 such that a voltage can

be applied there across. Note that third electrode 132 1s
adjacent second electrode 130, but does not come 1n contact
therewith. Thus, voltages may be independently applied
across top layer 124 and bottom layer 126. Referring to FIG.
4, third and fourth connectors 140 and 142 are coupled to
third and fourth electrodes 132 and 134.

When a voltage 1s applied across piezoelectric top layer
124, the material bends 1n one direction depending on the
polarity of the applied voltage. The piezoelectric layer will
always be biased to flex such that the concave side of the
layer 1s the positive polarity, whereas the convex side 1s the
negative polarity. Therefore, 1 a voltage 1s applied across
top layer 124 1n the same direction as across bottom layer
126, then both piezoelectric layers will bend or at least be
biased 1n the same direction and bias bender 94 1n the same
direction. Since bender 94 bears against compression flow
channels 114 of piston 86, then if first electrode 128 and
third electrode 132 have the negative polarity as the voltage
1s applied across top and bottom layers 124 and 126, the
damping will be increased since bender 94 will tend to be
biased strongly toward piston 86. Thus, increased damping,
results since the fluid flow through compression flow chan-
nels 114 1s more highly restricted by bender 94 essentially
having a higher spring rate under the applied voltage.
Alternatively, if first and third electrodes 128 and 132 have
the positive polarity and second and fourth electrodes 130
and 134 have a negative polarity, then bender 94 1s biased
slightly away from compression flow channels 114 to
decrease the compression damping as piston 86 i1s forced
through reservoir 54. With no voltage applied across layers
124 and 126, the normal stiffness of disk 120 then affects the

flow with a medium level of damping.

Alternatively, differing levels of damping may be accom-
plished by changing the voltage applied across top layer 124
and bottom layer 126 rather than simply changing the
polarity of the voltage applied. In the preferred embodiment
of the mvention, amplifiers increase the voltage from the
9-volt battery to 200 volts to be applied across the layers of
piezoelectric material.
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In still other alternative embodiments, a different
“bender” may be used. Instead of utilizing a piezoelectric
material to move the bender valve, other primary movers
could change the biasing force of a bender covering a fluid
channel. For example, an electromagnet could be employed
to change the force of a bender against a flow orifice.

Likewise, if shim washers 90 are replaced with a bender
valve such as has been described with regard to bender 94,
rebound damping can be controlled by applying voltage to
piczoelectric material within a disk.

FIG. 6 illustrates in a schematic diagram the basic logic
to drive the two piezoelectric layers 124 and 126 within
bender 94. As the shock moves, the position and velocity
sensor 104 sends signals through an mstrumentation ampli-
fier to the microprocessor. The logic 1n the microprocessor,
at predefined conditions, sends signals to the amplifier such
that the power 1s provided through the amplifier across the
piezoelectric top and bottom layers 1n a desirable fashion to
cither increase or decrease the damping level by changing
the bending bias of bender 94. The amplifier changes the
voltage applied across the piezoelectric material from 9 volts
to preferably 200 volts. While 1n FIG. 6 piezos A and B are
shown connected together, 1t should be noted that this is
simply a schematic diagram and piezos A and B may be
independently switched on and off of applied voltages across
them 1n one direction or another. The specific electronics for
such a circuit which would selectively apply voltages to
piczoelectric top and bottom layers 124 and 126 may be
readily accomplished by those skilled 1n the electronics arts.
Alternatively, 1nstead of a 9-volt battery, other battery or
power supplies may be employed. For example, 1if the
present system were employed on a motorcycle, the power
supply could come from the motorcycle power supply (e.g.,
battery or magneto).

The damping force versus shaft velocity of the shock
absorber for each of the three basic scenarios of bender 94
1s 1llustrated in FIG. 7A. The line representing the “MID”
damping force 1s the condition 1n which no voltage 1s applied
across top and bottom layers 124 and 126 of the piezoelec-
tric material. In this condition, bender 94 acts much like a
metal shim that 1s deflected away from the flow through
piston 86 as piston 86 1s forced through hydraulic reservoir
54. With an increase 1n shaft velocity, the damping force
naturally increases. However, 1f a voltage 1s applied across
piezoelectric top and bottom layers 124 and 126 such that
the negative polarity 1s applied to the first and third elec-
trodes 128 and 132, a condition of maximum damping is
achieved such that the damping follows the “MAX” curve
shown 1n FIG. 7A. However, 1f the polarity 1s reversed such
that bender 94 1s biased away from piston 86, the damping
force follows the “MIN” curve 1llustrated 1n FIG. 7A. Thus,
without changing the amount of applied voltage, but just by
changing the polarity of the voltage or whether the voltage
1s applied at all, three discreet levels of damping can be
achieved. In each of these levels the damping increases with
shaft velocity.

The “MID” level of damping 1s constructed so that the
bender reacts the same as a current dampener piston assem-
bly with shims being used 1nstead of bender 94 such that if
no power 1s applied to the piezoelectric layers, then the
shock absorbers still provide good shock performance. This
would be the case, for example, 1f the battery were dead or
in case of some other electrical breakdown.

Referring now to FIG. 7B, a preferred programming of
the dampener will be described. With a rider’s weight on
bicycle 10, shock absorber 30 will move to about 20% of
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travel. At this point, the compression damping will be at the
nominal level (MID curve of FIG. 7A) to provide resistance
to pogo action of the suspension system due to rider bobbing
or chain-induced suspension action. Alternatively, maxi-
mum damping may be applied at this point to further reduce
pogo action. However, preferably the MID level of damping,
is provided until approximately 25% of the travel.

As soon as the shaft moves beyond the 25% point, the
system switches to minimum damping by applying the
proper voltage with the proper polarity across piezoelectric
layers 124 and 126. Thus, when the nider encounters low
amplitude, high frequency shock, the damping 1s at a mini-
mum level to be able to respond quickly to the shock and

absorb 1t without the shock being transferred to the rider
through the bike frame 12.

If the shaft goes past 50% of travel, its velocity 1s
computed by the sensor and chip. If the velocity i1s greater
than about 30 inches per second the system switches to the
MID level of damping. This would be the case when a larger
bump 1s encountered. If the velocity of the shaft 1s greater
than 60 inches per second the damping would switch
directly to the MAX damping level to deal with extremely
large bumps. At 70% of travel, the shaft velocity will be
recomputed and, 1f greater than 30 inches per second and not
already 1n the stiff MAX level, then it would be switched to
that level. Thus, the system will avoid the suspension
completely bottoming out by providing increased compres-
sion damping to handle the large shocks.

When the shaft returns to a position less than 50% of
travel, the system switches to the MID stifiness level, if it 1s
not already there. The above 1s just one possible scenario
that may be programmed into the logic circuit 1n the circuit
board or chip such that the suspension damping actively and
instantaneously responds to shocks encountered. The figures
above for velocity and displacement are simply one set that
could be used. Depending on how the shock 1s arranged with
a given suspension system and the desired attributes of the
shock, these numbers can be changed and the chip or circuit
board can be programmed accordingly.

Thus, the level of damping 1s automatically and instan-
taneously changed during riding so that low amplitude, high
frequency bumps are easily absorbed with minimal damping
while large high amplitude low frequency bumps are
absorbed with higher damping so as to not bottom out the
suspension and to avoid the shock from springing back too
quickly. Both velocity and displacement of the shaft relative
to the reservoir housing 50 are important to proper damping.
It the travel passes 50%, but the velocity 1s very slow, then
increased damping 1s not required. However, if the travel
passes 50% with a very high velocity, then mcreased damp-
ing can be effective in 1mproved shock absorber perfor-
mance. Nevertheless, alternative embodiments may also be
employed where velocity by itself or displacement by itselt
are measured and the damping level 1s adjusted based on a
single input. Further, other sensor input may also be
employed to control damping levels.

While the preferred embodiments of the invention have
been 1llustrated and described, it will be appreciated that
various changes can be made therein without departing from
the spirit and scope of the mvention.

The embodiments of the mvention 1n which an exclusive

property or privilege 1s claimed are defined as follows:
1. A shock absorber for a vehicle comprising:

(a) a fluid-filled reservoir;

(b) an elongate member having a first end extending
partially into said reservoir;
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(c) a piston secured to the first end of said elongate
member and held within said reservoir for being forced
through said fluid-filled reservoir to dampen the shock
absorber;

(d) at least one fluid channel in fluid communication with
said reservolr through which fluid 1s forced when said
piston 1s forced through said reservorr;

(¢) a bender valve at least partially blocking the flow of
fluid through said fluid channel, said bender valve
having a response material embedded within at least a
portion thereof; and

(f) a power supply and a biasing means attached thereto,
said biasing means affecting said response material for
biasing the bender valve to affect the flow through said
at least one fluid channel, wherein said at least one fluid
channel 1s disposed through said piston, such that fluid
flows through said piston when said piston 1s forced
through said reservoir, wherein said bender valve seats
against said fluid channel to regulate the flow
therethrough, and wherein said response material com-
prises a piezoelectric material, said biasing means
comprising said piezoelectric material having said
power supply attached across said piezoelectric mate-
rial for applying a voltage thereacross.

2. The shock absorber of claim 1, wherein said bender
valve 1s disk shaped, said piezoelectric material being con-
nected to said power supply across the thickness of said
piezoelectric material for bending of the disk shaped bender
valve 1n one direction or the other depending on the polarity
of the applied voltage.

3. The shock absorber of claim 1, wherein said fluid
channel includes a first end mnto which fluid enters and a
second end through which fluid exits as said piston 1s forced
further 1nto said fluid reservoir, wherein said bender valve 1s
disposed adjacent the second end.

4. The shock absorber of claim 3, wherein said bender
valve 1s disk shaped, said piezoelectric material being con-
nected to said power supply across the thickness of said
piezoelectric material for bending of the disk shaped bender
valve 1n one direction or the other depending on the polarity
of the applied voltage.

5. The shock absorber of claim 3, further comprising a
sensor to detect shock compression conditions, wherein said
sensor 1ncludes a means for changing the biasing force of
said bender valve against the second end of said fluid
channel when said sensor signals predetermined conditions.

6. The shock absorber of claim 5, wherein said sensor
signals said bender valve to at least two discreet biasing
forces.

7. The shock absorber of claim 6, wherein said piezoelec-
tric material in said bender valve includes conductive mate-
rial on the side f aces thereof, the conductive material being
connected to the power supply for applying a voltage across
said piezoelectric material.

8. The shock absorber of claim 7, wherein a first of said
discrete biasing forces i1s obtained by applying a voltage
across said piezoelectric material in one direction, a second
of said biasing forces 1s obtained by applying a voltage
across said piezoelectric material with reverse polarity to the
first.

9. The shock absorber of claim 8, wherein a third biasing
force 1s obtained by applying no voltage across said piezo-
clectric material.

10. A shock absorber for a vehicle comprising:

(a) a fluid-filled reservoir;

(b) an elongate member having a first end extending
partially into said reservorr;
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(c) a piston secured to the first end of said elongate
member and held within said reservoir for being forced
through said fluid-filled reservoir to dampen the shock

absorber;

(d) at least one fluid channel in fluid communication with
said reservoir through which fluid 1s forced when said
piston 1s forced through said reservorir;

() a bender valve at least partially blocking the flow of
fluid through said fluid channel, said bender valve

5

14

sald bender valve against said fluid channel 1n the
region of piston displacement due to preload of the
shock absorber from the rider’s weight.

13. The shock absorber of claim 12, wherein said sensor
decreases the biasing force of said bender valve against said
fluid channel once the piston 1s past the region of displace-
ment due to preload of the shock absorber from the rider’s
welght.

14. A shock absorber for a vehicle comprising:

having a response material embedded within at least a 10 (a) a fluid-filled reservoir;
portion thereof; (b) an eclongate member having a first end extending
() a power supply and a biasing means attached thereto, partially into said reservoir;
SE‘lld-blaSng means affecting said response material f(?r (c) a piston secured to the first end of said elongate
biasing the bender valve to affect the tlow through said < member and held within said reservoir for being forced
at least one fluid chanl}el, and_ S through said fluid-filled reservoir to dampen the shock
(2) a sensor to detect piston displacement within said absorber:
TESCIVOLL, whe‘rm‘n said SCLLSOT includes means ‘for (d) at least one fluid channel in fluid communication with
changing the biasing ‘forceiof said bender Valvf?’ against said reservoir through which fluid 1s forced when said
the second end of said fluid channel when said sensor piston is forced through said reservoir:
detects predetermined displacement conditions, Y . g
. . . L (¢) a bender valve at least partially blocking the flow of
wherein said sensor detects velocity of said piston : . . .
: . . . . fluid through said fluid channel, said bender valve
relative to said reservoir, said sensor including a means . . .
. . . having a response material embedded within at least a
for chanting the biasing force of said bender valve .
. . . . portion thereof;
against said fluid channel when said sensor detects lo and a bias: bed th
predetermined velocity conditions, and said sensor 2° (D a%o;rerﬁsupp y all _; 1d51nE %eans attached ‘eiefto,
signals said bender valve to at least two discrete biasing said blasing means allecling said response material for
forces biasing the bender valve to affect the flow through said
and wherein said response material comprises a p1ezo- at least one fluid chanr:lel; and_ o _
clectric material, said biasing means comprising said (g) a Sensor o de‘tect piston dlSRl&C@IIl@Ilt within said
piezoelectric material having said power supply =° [eServolr, whe.reu:l sald sensor 'mcludes a means .for
attached across said piezoelectric material for apply- changing the biasing .force.of said bender Vah’_@ against
ing a voltage across said piezoelectric material, the second end of 'Sald ﬂlilld channel when §§11d SeNSOr
wherein a first biasing force 1s obtained with voltage detects predete‘rmmed dlisplacem.ent cond}tlons, Sfﬂd
applied across the piezoelectric material with a first response material COMPIISES a p}ezqelectr1c qlaterlal,
polarity and a second biasing force is obtained with 3> said biasing means comprising said piezoelectric mate-

no voltage applied across the piezoelectric material.
11. The shock absorber of claim 10, wherein a third

rial having said power supply attached across said
piezoelectric material for applying a voltage across said
piezoelectric material, said sensor changes the biasing

biasing force 1s obtained with voltage applied across the
piezoelectric material with a second polarity opposite to said
first polarity.

force on the bender valve by changing the applied
40 voltage across the piezoelectric material, and wherein a

12. A shock absorber for a vehicle comprising;:
(a) a fluid-filled reservoir;

(b) an elongate member having a first end extending
partially into said reservoir;

mid level of biasing force 1s applied by the bender valve
when no voltage 1s applied across the piezoelectric
material.

15. A shock absorber for a vehicle comprising:

(¢c) a piston secured to the first end of said elongate ¥ (a) a fluid-filled reservoir;
member and held within said reservoir for being forced (b) an elongate member having a first end extending
through said fluid-filled reservoir to dampen the shock partially into said reservor;
absorber; (c) a piston secured to the first end of said elongate

(d) at least one fluid channel in fluid communication with member and held within said reservorr for being forced
said reservoir through which fluid 1s forced when said through said fluid-filled reservoir to dampen the shock
piston 1s forced through said reservorir; absorber;

(e) a bender valve at least partially blocking the flow of (d) at least one fluid channel in fluid communication with
fluid through said fluid channel, said bender valve said reservolr through which fluid 1s forced when said
having a response material embedded within at least a 55 piston 1s forced through said reservorr;
portion thereof; (¢) a bender valve at least partially blocking the flow of

(f) a power supply and a biasing means attached thereto, fluid through said fluid channel, said bender valve
sald biasing means affecting said response material for having a response material embedded within at least a
biasing the bender valve to affect the flow through said portion thereof; and
at least one fluid channel; and 60  (f) a power supply and a biasing means attached thereto,

(g) a sensor to detect piston displacement within said said biasing means affecting said response material for
reservolr, wherein said sensor includes means for biasing the bender valve to affect the flow through said
changing the biasing force of said bender valve against at least one fluid channel, wherein said response mate-
the second end of said fluid channel when said sensor rial comprises a piezoelectric material, said biasing
detects predetermined displacement conditions, 65 means comprising said piezoelectric material having

and wherein said vehicle 1s a bicycle for a rider and
wherein said sensor increases the biasing force of

said power supply attached across said piezoelectric
material for applying a voltage across said piezoelectric
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material, and said piezoelectric material includes a top
face and a bottom face, and wherein said piezoelectric
material in said bender valve includes conductive mate-
rial on the top and bottom faces thereof, the conductive
material being connected to the power supply for
applying a voltage across said piezoelectric material.

16. The shock absorber of claim 15, wherein a first biasing
force 1s obtained with voltage applied across the piezoelec-
tric material with a first polarity.

17. The shock absorber of claim 16, wherein a second
biasing force 1s obtained with voltage applied across the
piezoelectric material with a second polarity.

18. The shock absorber of claim 17, wherein a third
biasing force 1s obtained with no voltage applied across the
piezoelectric material.

19. The shock absorber of claim 18, further comprising a
sensor to detect piston displacement and velocity conditions,
wherein said sensor includes a means for changing the
voltage applied across said piezoelectric material when said
sensor detects predetermined conditions.

20. The shock absorber of claim 16, wherein a second
biasing force 1s obtained with no voltage applied across the
piezoelectric material.

21. A shock absorber for a bicycle having a sprung rider
support and an unsprung wheel support, comprising:

(a) a fluid filled reservoir;

(b) a first mount secured to the reservoir and adapted for
connection to one of the sprung rider support and the
unsprung wheel support;

(¢) an clongate member having a first end extending
partially 1nto said reservoir;
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(d) a second mount secured to the elongate member and
adapted for connection to the other of the sprung rider
support and the unsprung wheel support;

() a piston secured to the first end of said elongate
member and held within said reservoir for being forced
through said fluid-filled reservoir to dampen the shock
absorber;

(1) at least one fluid channel 1n fluid communication with
said reservolr through which fluid 1s forced when said
piston 1s forced through said reservorir;

(g) a bender valve at least partially blocking the flow of
fluid through said fluid channel, said bender valve
having a response material embedded within at least a
portion thereof; and

(h) a power supply and a biasing means attached thereto,
said biasing means affecting said response material for
biasing the bender valve to affect the flow through said
at least one fluid channel, wherein said at least one fluid
channel 1s disposed through said piston, such that fluid
flows through said piston when said piston 1s forced
through said reservoir, wherein said bender valve seats
against said fluid channel to regulate the flow
therethrough, and wherein said response material com-
prises a piezoelectric material, said biasing means
comprising said piezoelectric material having said
power supply attached across said piezoelectric mate-
rial for applying a voltage there across.
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